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Abstract 
Type IV pili (T4P) are thin, hair-like bacterial appendages composed of protein subunits 
polymerized into a helical fiber. T4P perform diverse functions such as host cell adhesion, 
biofilm formation, natural competence, and twitching motility. While T4P are well characterized 
in Gram-negative bacteria, they have more recently been found in Gram-positive bacteria as 
well. In this work we aimed to solve the crystal structure of the type IV major pilin protein PilA2 
from Clostridium perfringens, the predominant pilus subunit which makes up about 99% of the 
pilus fiber. We report expression, purification, and crystallization conditions which are sufficient 
for X-ray diffraction and data collection but lack sufficient resolution for structure elucidation at 
this time. Additionally, we display ab initio models of C. perfringens PilA2 that may inform 
future crystallization constructs and provide a template for molecular replacement phasing of C. 
perfringens PilA2 X-ray diffraction data. We believe successful structural determination will 
shed light on a poorly understood class of bacterial appendages, providing a model of T4P in 
similar Gram-positive species that may inform understanding of disease progression and 
therapeutic intervention in clostridial infections.  
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Justification 
Type IV pili (T4P) are a class of bacterial appendages that have been studied extensively in 
Gram-negative bacteria. Recent work has discovered the presence of T4P among Gram-positive 
species as well, such as those in the Clostridia genus (1). These T4P are poorly characterized and 
understood, with this work aiming to solve the structure of T4P from a representative Gram-
positive species, Clostridium perfringens. Solving the structure of T4P in C. perfringens may 
provide a structural template for T4P in other Gram-positive species, most notably other 
Clostridia. Given the breadth and severity of human disease caused by clostridial species, a 
greater understanding of the structure and function of T4P may provide insight into future 
therapeutic options. 
Specific Aim 1: Solve the crystal structure of Clostridium perfringens PilA2 
We aim to solve the structure of the T4P major pilin protein PilA2 from two strains of 
Clostridium perfringens, strain 13 and strain ATCC 13124. This will be accomplished by 
growing and optimizing protein crystals and collecting data using the Advanced Photon Source 
(APS) at Argonne National Laboratory or an equivalent X-ray beamline at the Stanford 
Synchrotron Radiation Lightsource (SSRL). The resulting electron density map will be analyzed 
and a model will be constructed using the Collaborative Computational Project Number 4 
(CCP4) software suite.  
Specific Aim 2: Construct a Model of the Type IV Pilus in Clostridium perfringens 
Models of the PilA2 monomer and the multimeric type IV pilus will be first constructed ab initio 
using Robetta structure prediction software and modeled using UCSF Chimera. Plausible models 
will be manipulated and compared to previously determined T4P structures, such as type IVa pili 
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in Neisseria. Following collection of crystal data, the solved structure will be used to update and 
correct the model of PilA2 and T4P in C. perfringens. These models will also be used to 
compare the PilA2 proteins produced by different strains of C. perfringens.  
Hypothesis 
Preliminary work indicates C. perfringens T4P may be involved in host cell adhesion, suggesting 
similarity to type IVa pili found in Neisseria and Pseudomonas which are used for cell adhesion. 
(1) We hypothesize that C. perfringens forms Neisseria-like type IVa pili, rather than the type 
IVb pili that Clostridioides difficile produces, even though C. perfringens and C. difficile are 
much more closely related. We hypothesize that clostridial T4P are, in general, more like the 
type IVa pili found in Neisseria, with C. perfringens T4P representative of other clostridial T4P. 
Significance 
Understanding how C. perfringens uses T4P in motility and adhesion will open doors to other 
research involving Gram-positive bacteria which produce similar surface structures. T4P are 
common among Clostridia and we believe C. perfringens will provide a model for other bacteria 
in the genus including C. tetani and C. botulinum. The largest impact of this study is to provide 
preliminary information about a poorly understood class of bacterial appendages. Understanding 
the portion of the pilus responsible for cell adhesion will illuminate the mechanism by which C. 
perfringens causes disease. This can translate to therapeutic improvements, as C. perfringens 
infections are currently challenging to treat.  
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Background:  
Structure and Function of Type IV Pili 
Type IV pili (T4P) are thin, hair-like extensions on the surface of many bacteria (1). Each pilus 
consists predominantly of thousands of copies of a major pilin protein arranged in a helical fiber, 
with assembly and secretion controlled by multiple proteins, including assembly and retraction 
ATPases, inner membrane core and accessory proteins, and prepilin peptidases (1,2). Pilins are 
first synthesized as prepilins, which contain a conserved N-terminal cleavage motif called a type 
III signal sequence that is rich is positively charged residues (1,3). This type III sequence targets 
the prepilin for insertion into the cytoplasmic membrane by the Sec system, where the signal 
sequence is later removed by prepilin peptidases prior to assembly into the pilus (3).  
The mature pilin contains an extended α-helix at the N-terminus. The N-terminal half of this 
helix is largely hydrophobic, which serves to anchor the pilin into the cytoplasmic membrane 
prior to assembly (1,3). The pilin also contains a C-terminal globular head group which is 
exposed on the outer surface of the cytoplasmic membrane in an unassembled pilin (2,3). This 
head group consists of several β-strands and is generally more hydrophilic than the N-terminal α-
helix. (2). In a mature pilus, the N-terminal α-helix forms the core of the pilus fiber, while the C-
terminal head group is exposed on the surface of the pilus (2). The N-terminal helix and C-
terminal head domain are linked by an α/β loop, which is important for interactions between pilin 
subunits in a mature pilus (2). There are two main subclasses of T4P, type IVa and type IVb, 
which differ mainly in the lengths of the signal peptide and the mature pilin (2). Type IVa pilins 
contain a 5-7 residue signal peptide and a phenylalanine as the first amino acid in the mature 
protein (1). Type IVb pilins possess up to 26 amino acids in their signal peptides and have a 
hydrophobic residue other than phenylalanine as the first residue of the pilin (1).  
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Figure 1. Representative model of type IV pilin PilE from Neisseria meningitidis. Panel A 
shows the type IV pilin protein PilE from N. meningitidis, while panel B shows the structure of a 
complete pilus filament, with one pilin subunit highlighted in blue. Panel C is a top-down view 
of the pilus, demonstrating the helical arrangement of the filament. Panel D shows the surface of 
the pilus, with one pilin subunit highlighted in blue. (4, PDB ID: 5KUA) 
T4P can perform a multitude of functions, most notably gliding and twitching motility, which are 
specialized types of movement. Gliding and twitching motility are accomplished by extending a 
pilus from the bacterial cell which attaches to a surface in the environment. This pilus is then 
retracted, pulling the cell forward in a “grappling hook” like mechanism (1,5). T4P can also be 
used for a variety of other functions, such as biofilm formation, natural competence, protein 
secretion, and adherence to eukaryotic cells (1).  
T4P were originally characterized in Pseudomonas aeruginosa (6). Since then, T4P have been 
identified in several Gram-negative species, including human pathogens, where they enable 
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adherence to host cells and may function as virulence factors (2). More recent work has 
identified T4P in Gram-positive bacteria as well, such as most Clostridium species, some 
Streptococcus species, and Ruminococcus albus (2). The structure and function of T4P in Gram-
positive species has been poorly characterized to date, making it a rich area of potential research. 
 
Figure 2. Diagram of type IV pilus structure in Gram-negative and Gram-positive species. Each 
blue oval represents a single pilin subunit arranged into a pilus fiber. Gram-negative T4P pass 
through the outer membrane through a channel depicted in yellow. It is currently unknown how 
Gram-positive T4P pass through the peptidoglycan layer.  
Type IV pili in Clostridium perfringens and Other Clostridia 
T4P in Gram-positive species was first discovered by chance, when T4P genes were identified 
following whole genome sequencing of Clostridium acetobutylicum (1). Since then, many 
Clostridia have been shown to carry genes for T4P. Clostridioides difficile (formerly Clostridium 
difficile) is notable for being the first Gram-positive species for which the structure of a type IV 
pilin protein has been determined (7). However, while many Clostridia possess the genes to 
produce T4P, those genes differ greatly from C. difficile, which has recently been reclassified 
due to its genetic divergence from other Clostridia (8). This begs the investigation of T4P in 
other less studied clostridial species, such as Clostridium perfringens. 
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Clostridium perfringens is a Gram-positive, spore-forming obligate anaerobe most known as a 
human and livestock pathogen, where it causes conditions such as enteritis and gas gangrene 
mediated by a suite of potential endotoxins (9,10). Previous data suggest that T4P in C. 
perfringens play a role in host cell adhesion, which contrasts with the T4P of C. difficile, which 
are largely involved in biofilm formation (10,11). The apparent functional differences between 
T4P in C. perfringens and C. difficile suggest structural differences between the two pilus 
systems and warrant further investigation.  
Specific Aim 1 
T4P in C. perfringens differ in function compared to more well characterized Gram-positive 
species. Whereas T4P in C. difficile are involved in biofilm formation, T4P in C. perfringens 
appear to play a role in adherence to host cells (10,11). A structural study of T4P in C. 
perfringens will allow direct comparison of the structure of the major pilin proteins of these two 
species, illuminating potential structural differences that may cause the observed disparity in 
function. C. perfringens is hypothesized to possess four major pilin proteins: PilA1, PilA2, 
PilA3, and PilA4 (1). PilA2 has been shown to mediate host cell adhesion to muscle cells, 
making it a reasonable candidate for investigation of C. perfringens adhesion (10). Additionally, 
when compared to the other major pilin proteins, PilA2 appears to have the least sequence 
conservation, implying evolutionary selection on this pilin (1). To explore this potential 
divergence in PilA2, the structure of PilA2 from two strains of C. perfringens will be 
investigated, namely strain 13 and strain ATCC 13124. Strain 13 was chosen due to its history of 
prior research by Stephen Melville and colleagues, while strain ATCC 13124 is the type strain 
for C. perfringens. We hypothesize that C. perfringens PilA2 will share structural homology with 
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analogous pilin proteins from genera like Neisseria which also utilize T4P for host cell adhesion 
(12).  
Experimental Design 
PilA2 was synthesized and purified as a fusion protein with surface entropy reduced maltose 
binding protein (MBP) based on the pMAL system, hereafter referred to as MBPilA2. Figure 3 
illustrates the portion of the C. perfringens strain 13 PilA2 sequence used for the fusion protein. 
To construct the fusion protein, the insoluble portion of the N-terminal helix of PilA2 was 
removed, and the more soluble region of the pilin starting at Serine 26 was attached to the C-
terminal end of surface entropy reduced MBP. This form of MBP is more rigid and crystallizes 
easily, a property that allows it to serve as a crystallization chaperone which cocrystallizes with 
the attached protein, increasing the ease of protein crystallization (13). MBPilA2 was also 
expressed with a C-terminal 6xHIS tag to enable affinity chromatography purification using a 




Figure 3. Sequence of C. perfringens strain 13 PilA2. The region highlighted in yellow is the 
insoluble N-terminal region, which was not included. The region highlighted in gray, starting 
with Serine 26, was used to construct the MBP fusion protein. The region highlighted in red, 
which we call the NFL linker, was included with the gray sequence in one alternate construct.  
MBPilA2 was expressed in BL21 E. coli cells and isolated using a combination of nickel affinity 
chromatography (running buffer: 20 mM Tris pH 8.3, 200 mM NaCl; elution buffer: 20 mM Tris 
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pH 8.3, 400 mM imidazole, 400 mM NaCl) and size exclusion chromatography using a Bio-Rad 
ENrich SEC 650 10 x 300 column (running buffer: 20 mM Tris-HCl, 100 mM NaCl) to isolate 
purified MBPilA2 and exclude protein aggregate or PilA2 that had been cleaved from MBP. An 
initial crystallization screen was performed using Hampton crystal screens with an Art Robbins 
Instruments Crystal Gryphon. The results of this screen were used to inform subsequent 
optimization procedures, with crystallization attempted in a variety of conditions. The resultant 
crystals were isolated and data collection was performed via X-ray crystallography using 
beamline 23-ID-D of the Advanced Photon Source (APS) at Argonne National Laboratory. 
Diffraction data was then analyzed using the CCP4 software suite.  
Results and Discussion 
Clostridium perfringens Strain 13 
An initial crystal hit was obtained using the Hampton Index screening plate reagent #1, 
consisting of 0.1 M citric acid pH 3.5 and 2.0 M ammonium sulfate. The mother liquor also 
contained 10 mM maltotriose and 0.05% n-octyl-β-D-glucopyranoside. MBPilA2 was added at a 
concentration of 30 mg/mL in a 1:1 drop ratio (protein:mother liquor). Crystals were then 
reproduced in the original condition using sitting drop vapor diffusion. While crystal formation 
in the original condition was reproducible, crystals formed very slowly (1-2 weeks after setting 
up drops) and formation was stochastic, with few drops resulting in successful crystals. 
Crystallization attempts in other crystal screens, including the Rigaku Wizard screen, Molecular 
Dimensions PACT, PGA, and Morpheus screens, and Hampton PEG/Ion screens, failed to yield 
crystals.  
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To attempt to increase the speed or frequency of crystal formation in the Hampton Index 
condition, numerous optimization procedures were attempted in the following order: changing 
pH (in increments from 2.5 to 5.5), increasing protein concentration to 60 mg/mL, seeding with 
MBPilA2 crystals, desalting, adjusting citric acid and NaCl concentrations in the mother liquor, 
removing dithiothreitol, testing a Hampton additive screen, and adding the NFL linker sequence 
between MBP and PilA2 in the MBPilA2 construct (the NFL sequence highlighted in red in 
Figure 3). None of these optimization procedures provided a clear path forward, with crystal 
formation continuing to exist stochastically and with generally poor morphology.  
Some early crystals yielded stronger morphology, as seen in Figure 3. These crystals were 
harvested and shipped to the Advanced Photon Source at Argonne National Laboratory for data 
collection. These crystals produced a successful diffraction pattern, as seen in Figure 3 panel D. 
However, the resolution of the diffraction pattern was insufficient for structure elucidation and 
suffered from anisotropy. Resolution was approximately 5 Å in some dimensions and closer to 
10 Å in others, as seen by the ovular shape of the diffraction pattern.  
 
Page 10 of 20 
 
 
Figure 4. C. perfringens PilA2 strain 13 protein crystals and X-ray diffraction data. Panels A-C 
display C. perfringens strain 13 PilA2 crystals. Panel D displays the X-ray diffraction data 
obtained from one of these crystals, illustrating anisotropy in the diffraction pattern. 
Through the efforts of the optimization procedures, some additional MBPilA2 crystals were 
produced. These crystals were harvested, and data was collected via the Advanced Photon 
Source. This second batch of crystals again yielded insufficient resolution, with mosaicity 
observed in the X-ray diffraction. This was believed to be due to shifts in the crystal plane 
caused by an improper cryoprotectant. To correct this perceived error, we have attempted to 
grow crystals in Rigaku Wizard Cryo and Hampton Crystal Screen Cryo screens that already 
contain a cryoprotectant, eliminating the issue of crystal disturbances when adding a 
cryoprotectant. These new screens have yet to bear crystals.  
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Clostridium perfringens Strain ATCC 13124 
An initial crystal hit was obtained with the Hampton Index screening plate reagent #27, 
consisting of 2.4 M sodium malonate pH 7.0 with a protein concentration of 30 mg/mL and a 
drop ratio of 1:1 (protein:mother liquor) in the presence of 0.05% n-octyl-β-D-glucopyranoside. 
Unlike MBPilA2 strain 13, crystallization with MBPilA2 ATCC 13124 was best in the absence 
of maltotriose. Reproduction of the original crystallization conditions at variable drop ratios 
(from 1:3 to 3:1) produced haystack-like needles of poor morphology and excessive nucleation 
Dilution of the protein stock to 3 mg/mL and 0.3 mg/mL reduced over-nucleation but did not 
lead to significant improvements in morphology.  
A Hampton additive screen contained several conditions that yielded crystals. Among these, 0.1 
M disodium EDTA dihydrate and 30% v/v ethanol added in a 3:1 ratio produced crystals with 
the best morphology. Based on these results, the additive screen conditions were reproduced with 
ethanol concentrations of 1.5%, 3%, and 6% v/v and with EDTA concentrations of 5 mM, 10 
mM, and 20 mM. These experiments were conducted with a 3:1 drop ratio and at protein 
concentrations of 30 mg/mL and 10 mg/mL with the presence of 0.05% n-octyl-β-D-
glucopyranoside and absence of maltotriose. Among these conditions, the 10 mg/mL protein 
stock with 3% and 1.5% ethanol yielded crystals with the best morphology. Reproduction of the 
10 mg/mL protein with 3% ethanol condition using seeds failed to produce adequate crystals.  
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Figure 5. C. perfringens strain ATCC 13124 crystals. Panels A-C show clusters of crystals 
demonstrating overnucleation. Panel D shows very faint, thin needles.   
While crystal formation occurred more rapidly and consistently with MBPilA2 strain ATCC 
13124, crystals were of generally poor morphology and were very thin and needle-like, as seen 
in Figure 5. These crystals failed to diffract when data collection was attempted, possibly due to 
the limited three-dimensional shape of the crystals. Several optimization attempts made to 
correct this, including adjusting ethanol concentrations (ranging from 1% to 12%), replacing 
ethanol with isopropanol, or growing crystals at 4 °C, failed to produce noticeable improvement. 
Additional crystallization attempts using new crystallization screens (Rigaku Wizard, Molecular 
Dimensions PACT and PGA, and Hampton PEG/Ion) also failed to show improvement.  
Current work is being performed with potential cryoprotectant conditions. Previous experiments 
adding 20% glycerol or 20% ethylene glycol to the established crystallization condition (10 
mg/mL MBPilA2, 3:1 drop ratio, 6% ethanol) failed to produce crystals. We are now attempting 
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crystallization using Rigaku Wizard Cryo and Hampton Crystal Screen Cryo cryoprotectant 
screens in a similar fashion to current MBPilA2 strain 13 research.  
Future Directions 
Crystal screens are currently being tested with the Rigaku Wizard Cryo and Hampton Crystal 
Screen Cryo screens in both MBPilA2 strain 13 and strain ATCC 13124 to correct earlier issues 
with crystal deformation. Strain 13 produces crystals that diffract, but diffraction quality has 
been insufficient so far. Future work should focus on producing crystals more rapidly and 
reliably to improve the timeline for optimization. Possible next steps include discovering and 
optimizing a crystallization condition that contains a cryoprotectant, adjusting the crystallization 
chaperone, or attempting a new method of crystallization, as previous experiments have been 
performed largely with sitting drop vapor diffusion.  
Meanwhile, strain ATCC 13124 continues to produce needle-like crystals that do not diffract. 
Future directions for this construct largely revolve around producing fewer crystals of larger size 
and better morphology. Possible optimization procedures that have not yet been tested include 
adjusting pH, testing new crystal screens, or testing crystallization methods other than sitting 
drop vapor diffusion.  
Specific Aim 2 
One of the primary benefits of solving the crystal structure of C. perfringens PilA2 will be the 
resulting protein model, which we believe may be generalizable to other Clostridia. Generating 
an early ab initio model of PilA2 will assist in identifying a suitable crystallization construct 
based on the similarity of ab initio models to known T4P structures. Following structural 
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elucidation, this ab initio model can be updated to reflect the true structure of C. perfringens 
PilA2 and to generate a more reasonable model of the pilus fiber it produces.  
Additionally, these models can be used to compare the structure of PilA2 from different strains 
of C. perfringens. We hypothesize that the best models will be those which meet two criteria: 
first, that multiple models of the same construct retain some structural similarity, suggesting a 
single low energy state in the folded protein; second, that sequence variation mapping indicates 
conserved residues in hydrophobic regions of the pilin such as the N-terminal helix. 
The surface variation mapping used to justify the models is based on Shannon entropy, which 
originates in information theory and describes the amount of data needed to encode a message. 
Shannon entropy can be applied to polypeptide sequences to quantify the amount of conservation 
at a position. Regions that are perfectly conserved among multiple sequences require little data to 
accurately describe, as the same amino acid is encoded in all sequences. These conserved regions 
have low Shannon entropy scores. Regions with less conservation require more data to describe 
all amino acids observed at the site; these locations therefore have a higher Shannon entropy 
score. 
The surface variability observed in the models is closely tied to solvent exposure. Residues in 
hydrophobic portions of the pilin, such as the N-terminal α-helix, are highly conserved, as 
mutations here disrupt the pilin’s ability to fold and polymerize properly. Meanwhile, mutations 
in the solvent exposed C-terminal head group are typically more tolerable, as these mutations are 
less likely to impact folding or polymerization. As such, the sequence variability described by 
Shannon entropy can be used to predict where solvent exposed regions will be located. We 
expect a reasonable model to show variability in regions where the pilin would be exposed to 
solvent, like the C-terminal head group. 
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Experimental Design 
Ab initio models were created using Robetta, a protein structure prediction server developed and 
maintained by the lab of David Baker, PhD at the University of Washington Institute for Protein 
Design. Sequences of the soluble portion of the PilA2 protein were uploaded to Robetta, and 
models were generated using the Rosetta Ab Initio (RosettaAB) structure prediction software. 
Surface variation mapping of the resulting models was performed using UCSF Chimera using C. 
perfringens PilA2 sequences obtained from NCBI and aligned using Clustal Omega. All 
subsequent model manipulation was performed using UCSF Chimera.  
Results and Discussion 
Initial modeling was performed with C. perfringens PilA2 strain 13, which produced five ab 
initio models. Of these, two models appeared most consistent with known T4P structures. The 
best model, based on visual comparisons with known T4P and appearance of protein 
compactness, was used to perform surface variation mapping using other C. perfringens PilA2 
sequences collected from NCBI. The C. perfringens strain 13 variation map is seen in Figure 6, 
where conserved regions are shown in cyan and non-conserved regions are shown in magenta. 
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Figure 6. Models of pilin proteins and a complete pilus. Panel A shows one likely ab initio 
model of the PilA2 pilin from C. perfringens strain 13 based on conservation analysis with panel 
B showing a closer view of the β-sheet. Conserved regions are shown in cyan, while non-
conserved regions are shown in magenta. Panel C shows the model in panel A assembled into a 
pilus with the surface map of three pilins on display. 
Panel A shows a reasonable model of C. perfringens strain 13 PilA2. This model shows 
conservation of the N-terminal α-helix, which is to be expected. In a mature pilus, this region of 
the pilin is buried in the hydrophobic pilus core as seen in panel C, while part of the C-terminal 
head group is exposed to solvent. Consistent with this expectation, we see a lack of conservation 
in the head group in panels A and C where the pilin would be solvent exposed. Panel B takes a 
closer look at the C-terminal β-sheet, where we see an alternating pattern of conservation and 
divergence. Residues pointing inwards towards the hydrophobic protein core are conserved, 
while those facing outwards towards solvent are less conserved. These surface variation maps 
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indicate a reasonable model given current understanding of T4P structure and expected patterns 
of solvent exposure in the pilin.  
 
Figure 7. Comparison of ab initio C. perfringens strain 13 model (orange) with solved structures 
of C. difficile PilA1 in blue (14, PDB: 6T8S) and N. meningitidis PilE in gray (4, PDB: 5JW8).  
Figure 7 looks at a comparison between an ab initio model of C. perfringens strain 13 (shown in 
orange) with C. difficile PilA1 (shown in blue) and N. meningitidis PilE (shown in gray). C. 
perfringens and C. difficile appear to show greater conservation within the N-terminal α-helix 
but differ more significantly in the shape of the β-sheet and overall globular shape of the protein. 
N. meningitidis appears more like C. perfringens in terms of three-dimensional shape and 
volume occupied. The structure of C. perfringens PilA2 appears more like that of N. meningitidis 
PilE, which is consistent with the hypothesis that these two bacteria use T4P for cell adhesion, 
unlike C. difficile.   
Further modeling has been performed with PilA2 sequences from C. perfringens strains ATCC 
13124, JJC, and JGS1987, with a representative model from each strain displayed in Figure 8. 
Each of these three strains were chosen based on sequence conservation with strain 13. Modeling 
predictions appeared more successful for some of these strains than for others. Strain ATCC 
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13124, for example, failed to produce a model consistent with expectations of T4P structure. 
Others, such as strain JJC, were more reasonable. 
 
Figure 8. Surface variation mapping of select ab initio models of C. perfringens PilA2. Panel A 
shows strain JJC, panel B shows strain JGS1987, and panel C shows strain ATCC 13124.  
Each of the three models showed sequence conservation at the N-terminal α-helix, though the 
ATCC 13124 model (panel C) folded the α-helix unlike the other two models; this folding is not 
expected to occur in a major pilin. Additionally, each model presents a short helical region that 
does not show sequence conservation. Among these models, strain JJC (panel A) appears the 
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Future Directions 
Models of other strains of C. perfringens PilA2 may reveal other promising crystallization 
constructs to explore alongside strain 13 and strain ATCC 13124. Based upon the models 
presented in Figure 4, strain JJC may be a possible candidate. Upon elucidation of the PilA2 
structure using X-ray crystallography, the resulting electron density map will be used to correct 
the previous ab initio models and generate a pilus model supported by experimental data. 
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